Traumatic diaphragmatic injury (TDI) is uncommon and has historically been identified by chest x-ray and repaired by laparotomy with nonabsorbable suture. Blunt TDI was more frequently (90%) detected on the left. With advances in imaging and operative techniques, our objective was to evaluate evolution in incidence, location, and management of TDI.
T raumatic diaphragmatic injury (TDI) is uncommon. It has historically been identified by chest x-ray (CXR), although more recently has been diagnosed by computed tomography (CT).
1,2 Diagnostic laparoscopy and thoracoscopy have been used by some investigators to detect TDI, primarily for penetrating injuries in stable patients. 3, 4 Traditionally, TDI has been repaired by laparotomy with permanent suture. 5, 6 Blunt TDI has historically has been more frequently (90%) detected on the left side. 4 With advances in imaging and operative techniques, our objective was to evaluate the evolution in incidence, location, and management of TDI. We hypothesized that (1) CT is used more frequently to diagnose TDI, (2) right-sided injuries are more common, (3) the use of minimally invasive approaches to repair these injuries is increasing, and (4) complex repairs are occasionally necessary.
PATIENTS AND METHODS
The medical records of patients admitted to three Wisconsin regional trauma centers with TDI from 1996 to 2011 were reviewed after institutional review board approval was obtained. These patients were identified by a review of the trauma registries. One hospital was the regional trauma center for southwestern Wisconsin, one for north central Wisconsin, and one for urban southeastern Wisconsin. Patients were stratified by blunt and penetrating mechanisms of injury and early (1996Y2003) and recent (2004Y2011) periods. The division into two 8-year periods was arbitrary, based on convenience. Relevant portions of patient charts were reviewed. Diagnosis was assigned to CXR if preoperative CXR noted findings of TDI. If CT was performed preoperatively and the report indicated TDI, regardless of the presence and interpretation of a previous CXR, mode of diagnosis was classified as CT.
If neither CT nor CXR was performed or findings on these studies did not indicate evidence of TDI, these patients were deemed to have been diagnosed intraoperatively. Operative notes were reviewed to evaluate specific methods and approach to repair. We evaluated nonabsorbable versus absorbable suture, the use of permanent or biologic mesh, and whether a transposition procedure had been performed. Statistical analysis included t test and W 2 test. A p G 0.05 was considered significant.
RESULTS
Four hundred fifty-four patients with TDI were identified, 146 patients in the early period and 308 in the recent period. Of the blunt injuries, 31 were in the early period, and 84 in the recent period. In the penetrating group, 115 were in the early period, and 224 were in the recent period. Overall, 87% of the patients were male. The mean age of patients with blunt TDI was 44 years versus 32 years for patients with penetrating TDI. Median Injury Severity Score (ISS) was 22 and 19 in the early and recent periods, respectively. In-hospital mortality was 15% for blunt and 4% for penetrating TDI (p G 0.001). Of 194 patients with isolated TDI, 5 (2.6%) died. There was no statistically significant change in mortality rate between the early and recent periods in the blunt or penetrating TDI groups.
CT was the most frequent modality used to identify blunt TDI. Penetrating TDI was most frequently identified intraoperatively. TDI was not identified by nasogastric tube position on a CXR in either group (Table 1) . Among patients who had TDI diagnosed intraoperatively, five were demonstrated by laparoscopy or thoracoscopy.
Right-sided injury was noted more often in the penetrating TDI subset during the recent period. The early group had 70% left-sided and 27% right-sided injuries. The recent group displayed 49% left-sided injuries and 49% right-sided injuries. Perihiatal injury was identified in a small number of patients after both blunt and penetrating trauma; the prevalence of perihiatal injury was unchanged during the period of our study (Table 1) . Laparotomy was the most common operative approach for both penetrating and blunt injuries, followed by thoracotomy, laparoscopy, and thoracoscopy. In 27 cases, the operative approach was unable to be determined. One laparoscopic case was converted to open, and one thoracoscopic case was converted to open. Operative approaches in the blunt and penetrating groups are detailed in Figures 1 and 2 . In blunt TDI, minimally invasive approaches for repair were not used at all in the early period and were used in three patients in the recent period. With penetrating TDI, there was 1 minimally invasive repair in the early period, and there were 13 in the recent period (p = 0.040). Complex repairs using mesh and transposition were observed in only three patients (Table 1) .
For blunt injury, nonabsorbable suture was used in 82% of repairs in both the early and recent periods; absorbable suture was used in the remaining 18%. With penetrating injury, the use of absorbable suture increased from 22% to 37% from the early to the recent periods (p = 0.011) ( Table 1) .
DISCUSSION
TDI is a consequence of either blunt or penetrating torso trauma. It is relatively uncommon, with a reported range in the literature of 1% to 7% of blunt traumatic injuries and 10% to 15% of penetrating thoracoabdominal injuries. 7 This injury is associated with high mortality rates, 30% after penetrating trauma and 15% to 45% after blunt trauma. 7Y11 In our study, inhospital mortality was 15% for blunt and 4% for penetrating TDI. This difference is not unexpected given the known association of TDI with other injuries in blunt trauma. 12, 13 In a recent single center review of TDI, the overall mortality rate was 21%.
14 These authors discovered that older age, increased ISS, associated cardiac injury, and right-sided diaphragm injury are associated with increased mortality. The in-hospital mortality rate for patients with isolated TDI in our series was only 2.6%. The mechanisms by which TDI can cause morbidity and mortality are numerous. Often, patients who experience TDI have associated injuries owing to the anatomic proximity and force necessary to cause this injury. Some note that TDI can be used as a marker of occult serious injury. 15 Patients experience altered pulmonary mechanics owing to a loss of thoracic domain as well as poor function of the diaphragm itself. They may also experience complications related to ischemia or injury of herniated abdominal contents. 16 Historically, TDI has been difficult to diagnose. Classically, TDI has been diagnosed with CXR. Placement of a nasogastric tube and subsequent coiling in the chest visualized on CXR can be a helpful adjunct. 17 Diagnostic peritoneal lavage has also been used to help identify patients with possible TDI but has a reported false-negative rate of 25% to 35% when studied retrospectively. 18 Some early studies note a rate as low as 30% of TDI diagnosed on preoperative imaging, meaning that 70% of injuries were not identified until operative exploration. 15 More recent reports detailing the use of CT imaging for the identification of TDI quote a sensitivity rate of 94% and specificity nearing 100% after penetrating injury 19 and 71% sensitivity and 100% specificity after blunt trauma. 20 Despite advances in CT technology, a high index of suspicion remains critical because even in the era of CT trauma scans, these injuries are still missed. 21 Diagnostic laparoscopy and thoracoscopy have been used by several groups to detect clinically occult diaphragm injuries in hemodynamically stable patients with penetrating thoracoabdominal wounds. 3, 4 A review of 454 patients with TDI in our region revealed that despite increased availability and sensitivity of CT for diagnosis, the rates of CT diagnosis were not significantly different in our early and recent periods. In the blunt subgroup, this may have been caused by the fact that these patients often had associated injuries, which mandated urgent operative exploration. 21 The vast majority of patients with penetrating abdominal trauma undergo operative exploration, which explains why 70% of TDI in this group were diagnosed intraoperatively. As the mechanism and concern for other associated injuries have not changed during the period of our study, the method of diagnosis also has not changed. Perhaps, if we had compared our results with an earlier period, we may have seen more significant differences in diagnostic modalities.
TDI is more frequently identified on the left after blunt trauma. Of the blunt TDIs, 70% to 80% are located on the left side, 15% to 24% are located on the right side, and 2% to 8% are noted to be bilateral. 1, 22 Sensitivity of CT is lower for rightsided injury than left-sided injury but still surpasses that of CXR. 23 It is thought that the decreased rate of right-sided TDI is explained by the protective effect of the liver beneath the right hemidiaphragm. 1, 24 Left-sided TDI is also noted more frequently after penetrating wounds. This may be caused by the fact that most penetrating injuries are committed by right-handed assailants as well as the difficulty of imaging right-sided TDI, which may infer that more right-sided injuries are initially missed. 1, 2 The location of TDI did not change in our blunt trauma subset over time. As the rate of CT scan for diagnostic evaluation was consistent, this is not unexpected. Our data did show an increase in right-sided injuries after penetrating trauma. The reasons for this are not known. Our hypothesis before this study was that with increased use of CT, which has been shown to have higher sensitivity and specificity for identification of TDI, the prevalence of right-sided injury would increase. Our data did show an increase in right-sided injury but did not show an increase in CT use. This warrants further study. We also documented a small number of perihiatal injuries in both blunt and penetrating trauma throughout our study period. This finding has not been previously reported.
The management of TDI has evolved in recent years. Traditionally, TDI was repaired via laparotomy or thoracotomy using nonabsorbable suture. 8, 18 Repair via laparotomy was preferred for the management of acute injuries because it allowed for better exposure if associated injuries to abdominal organs required attention. Repair via thoracotomy was preferred for the management of chronic injuries in which adhesions of organs to chest structures could be more safely addressed. Diaphragmatic transposition 25 as well as biologic and permanent mesh placement 9 have been used for complex injuries. Our study revealed a subtle change in operative approach. Although the majority of TDI were repaired with open techniques, we documented increased use of minimally invasive repairs in both blunt and penetrating groups. Minimally invasive approaches serve the purposes of both exploration for other injuries as well as repair of the TDI. In hemodynamically stable patients with penetrating thoracoabdominal wounds, either laparoscopic or thoracoscopic techniques may be used to detect and treat occult diaphragmatic injuries. 3, 4, 17, 26 In addition, selected blunt or penetrating diaphragmatic injuries detected by CXR or CT scan without significant associated injuries may be repaired laparoscopically or by video thoracoscopy. 3, 26, 27 Although not a novel finding, the increased use of minimally invasive techniques for the diagnosis and repair of both blunt and penetrating TDIs is noteworthy because these techniques were not used in a single patient in a recent single-institution series of 773 patients with TDI. 14 TDI after penetrating trauma was more often repaired with absorbable suture than blunt TDI. This is likely explained by the observation that penetrating injuries may cause small, regular-shaped defects in the diaphragm, requiring a less extensive repair. These injuries may be equally well managed with absorbable or nonabsorbable suture. Larger lacerations of the diaphragm from either penetrating or blunt mechanism are best managed with nonabsorbable suture. Rarely, extensive injuries to the diaphragm, especially in association with large soft tissue defects of the lower thorax, may require mesh placement or diaphragmatic transposition. 9, 25 There are several limitations of our study. The retrospective design precluded direct comparison between groups. There was a large number of patients in whom the method of repair was unknown. Included in this group were those in whom the diagnosis of TDI was recorded but for whom there was no specific report of an operative repair. In these patients, either the surgeon failed to detail operative repair or the injuries were not repaired. Lastly, five patients who were noted to have TDI did not survive to undergo repair of their injury.
CONCLUSION
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